Ochromoaas danica Pringsheim, a freshwater chrysomonad, converts D-glucose into L-ascorbkc acid over a metabolic pathway that 'inverts' the carbon chain of the sugar. In this respect, L-ascorbic acid formation resembles that found in ascorbic acid-synthesizing animals. It differs from this process in that D-galacturonate and L-galactono-1,4-Iactone, rather than D-gucuronate and L-guloo-1,4-lactone, enhance production of ascorbic acid and repress the incorporation of 14C from D-l1-14ClgIucose into ascorbic acid.
Two mutually exclusive, biosynthetic pathways of AA3 formation are found in eukaryotic organisms. In both, D-glucose is implicated as the six-carbon precursor on the basis of studies with radioactive specifically labeled sugars. Both pathways conserve the six-carbon chain. One 'inverts' the sequence of carbons, as referred to the parent sugar by reduction of C-1 and oxidation of C-5 (or C4) and C-6 with conservation of the chirality of C-2 and C-3. AA-Synthesizing animals such as the rat utilize this process according to the following scheme: D-Glucose ---D-Glucuronate -+ L-Gulonate --L-Gulono-1,4-lactone -. L-Ascorbate. The other pathway requires that C-I and C-2 (or C-3) be oxidized while an epimerization reverses the configuration of C-5. Higher plants utilize this latter process, which conserves the hydroxymethyl function of C-6 of hexose (15) . Intermediate steps in the conversion of D-glucose to AA by higher plants have yet to be determined, but evidence of overall conversion is thoroughly established (18) . Participation of D-glucuronate or products of Dglucuronate metabolism in this conversion is excluded (16) .
Higher plants also synthesize AA when supplied with D-glucurono-3,6-lactone, D-galacturonate, L-gulono-1,4-lactone, or L-galactono-1,4-lactone (4, 6, 9, 19) . Inasmuch as radiolabeling studies exclude these compounds as intermediates in the overall pathway from D-glucose to AA, these synthetic events appear to be dependent upon the exogenous source or, at best, salvage mechanisms (7 and L-galactono-1,4-lactone were intermediates. D-Glucurono-3,6-lactone and L-gulono-1,4-lactone also effected AA synthesis, and these compounds were included in their scheme as a minor alternate route that differed from the animal pathway in one respect, reduction of D-glucurono-3,6-lactone to L-gulono-1,4-lactone rather than reduction of D-glucuronate to L-gulonate (23) .
Ochromonas danica Pringsheim, a unicellular chrysophycean alga with phagotrophic, heterotrophic, photoheterotrophic, and photoautotrophic properties, provides an exceptional opportunity to explore the phylogenetic connection between animal and plant as it pertains to AA biosynthesis. 0. danica synthesizes and secretes into the medium a number of vitamins, including AA, when grown in an artificial medium (2 (1) . Inoculum (10 ml, approx. 108 cells) was added to 100 ml of medium. After 14 d, the entire 100 ml was added to 1 L of medium in a 2.5-L, low-form, culture flask in which growth was continued for an additional 10 d. Light-adapted cells were prepared by exposure of the final growth suspension for 24 h at 25°C to fluorescent white light (320 ft-c) plus a minor incandescent source. Batches of cells (1 L) were harvested by centrifugation (2,000 g, 6 min), washed (2x) with glucose-free medium, and finally resuspended in the same medium (100 ml).
Aliquots (10 ml, 1010 cells) were transferred to the outer well of 50-ml center-well flasks (MRA Corp., Clearwater, FL) as described below.
Labeling Procedure. Labeled D-glucose or AA (2-10 ttCi) and unlabeled carbohydrates as indicated were placed in the outer well of each 50-ml flask prior to addition of the cell suspension. Respired CO2 was trapped with I N KOH (0.5 ml, center well).
Flasks were sealed with rubber serum-bottle stoppers and incubated at 25°C in dark or light (320 ft-c) for 6 h. Experiments were terminated by adding 2% oxalic acid (0.5 ml) with 50 mg of AA as carrier. Before the flasks were opened, they were shaken (30 min, 20°C) to facilitate complete transfer of CO2 to the center well. Aliquots from center wells of flasks used in 14C-labeled studies were counted to determine respired 14CO2. In experiments involving the use of 3H-labeled substrates, aliquots from both the Plant Physiol. Vol. 69, 1982 outer and the inner well were transferred to one arm of a 2-vessel sublimation apparatus, frozen, and sublimed to recover tritiated H20. Cells were recovered by centrifugation (12,000g, 20 min, 4°C) and washed (2X) with 2.5 ml 0.1% oxalic acid. When secreted and intracellular AA were examined separately, centrifugation and washing of cells with glucose-free medium preceded addition of oxalic acid and carrier AA to the separated cells and medium. Supernatant and washes were combined. When cells and medium were not separated, the acidified cell suspension was frozen and stored at -20°C until analyzed. Prior to isolation of AA, the thawed suspension was homogenized and separated by centrifugation (12,000g, 20 min, 4°C) into supernatant and residual pellet.
Separation of Labeled Products. Oxalic acid was removed from the combined supernatant and washes by precipitation as calcium oxalate. The oxalate-free solution was separated into cationic, anionic, and neutral fractions, as described previously (24) . AA was separated from other acidic constituents in the anionic fraction and recrystallized from glacial acetic acid until constant specific radioactivity was attained (usually 2x). AA was further characterized by its conversion into 5,6-O-monoisopropylidene AA, as described by Lee et al. (13) . The reaction was scaled down to 100 mg of finely powdered AA and run at 30°C in dry acetone (2 ml) with acetyl chloride (50 ,ul) as catalyst in a stirred 5-ml ReactiVial (Pierce Chem. Co., Rockford, IL). The AA dissolved within 10 min, and the product slowly crystallized from solution over the next 2 h. It was collected on a Hirsh filter and washed with cold hexane:acetone (7:4). The product melted at 219 to 221°C. After one recrystallization, the melting point was 220 to 221°C. Distribution of radioisotope in AA was determined by chemical degradation (17) .
Aliquots of the cell pellet were combusted in a biological oxidizer (Packard Instrument Co., Model 306B) to determine the 3H or '4C content. Other aliquots were extracted once with 98% ethyl alcohol and then twice with 20% ethyl alcohol (70°C, I h) to solubilize the 8l-glucan storage product (11 (20) . AA is found in species of algae from several classes, including the Cyanophyceae (25), Rhodophyceae (14) , Chrysophyceae (2), Phaeophyceae (10), Bacillariophyceae (22) , Chlorophyceae (3), and Euglenophyceae (23) . Only the chrysophycean alga 0. danica is known to secrete AA (2) . Conversion of D-glucose to AA is (Table I ). The major labeled products were C02, isofloridoside, and,f-glucan (12 (Table III) . Again, D-glucuronate and L-gulono-1,4-lactone were relatively ineffective.
The enhanced production of AA by cells grown in the presence of D-galacturonate or L-galactono-1,4-lactone, as well as the diluting effect of these putative intermediates on the conversion of D-[1-'4Cjglucose into AA, suggests a pathway to AA which involves both D-galacturonate and L-galactono-1,4-lactone as intermediates. Such a scheme has already been proposed by Shigeoka et al. (23) to explain their observations on AA biosynthesis in E. gracilis. An L-galactono-1,4-lactone oxidase, the final step in this scheme, has been isolated from yeast (21) . Occurrence of AA in yeasts has been reported (8) , but a more specific method for this identification of AA is needed to confirm this observation.
The presence of two mutually exclusive processes of AA formation in photosynthetic organisms poses an interesting question concerning the evolutionary development of alternative pathways.
Higher plants convert glucose to AA by oxidizing Cl of the sugar and conserving the hydroxymethyl function of C6 (15, 18) . The two algal systems that have been studied utilize a variant of the pathway found in animals in which glucose is oxidized at C6 and reduced at Cl during its conversion to AA (9) . It will be of interest to examine representative species from other algal classes in this regard.
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